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Project Overview
Cooperative Agreement No.: BE=0031732
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_ ELECTRICORE
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0 Project Participants
I Prime: Electricore, Inc. SUStmn

I Technology, Design and Operation / Cost Share Provider: Svante, Inc.
I TechneEconomic Analysis (TEAJusteon

o [NATIONAL
wm [ENERGY
TL TECHNOLOGY
LABORATORY

o0 DOENETL Team

I Project Manager: Carl P. Laird & Andrew Jones
I Contracting OfficerJacqulyn M. Wilson




Overall Project Objectives Svante
Cooperative Agreement No.: BEE0031732

The objective of this project is to:

U Eval uat e S v-H) veaorodherrk(Téthnolégy via the development and benedtale testing
of an advanced structured adsorbent, including noveliyer, laminated adsorbent structures and
segmented beds.

U Select, synthesize, and characterize tailored solid adsorbents for
U computational modeling,
U advanced structured adsorbent development,
U process simulations, and
U dynamic benchscale (~1-10 kg/day CO2 captured) testing

U Demonstrate key performance indicators (KPIs), such as recovery, product purity, regeneration

energy, and the integrated system's productivity in lifetime analysis.
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Svante
Technology Background

Fundamental performance enablers:
U Low flow resistance of parallel channel structure.
U Low heat capacity relative to adsorption capacity.
U Very fast kinetics with contact time < 1s, 3®0s total cycle time
U Transient conditions throughout the bed length (RH, temperature)
U Availability of different sorbents

Significant challenges:
U Sorbent lifetime needs to be multiple years (5+ yrsz,0.01 kg sorbent/tone CQ capture)
U Cost of sorbent needs to be modest (280 $/kQ)
U Regeneration energy of the process (mainly steam) needs to be minimized.
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Svante
Program Phases

Exploring two configurations of laminates :
U Phase 1- Parallel layers=> Bilayer
U Phase 2 Sequential layers => Segmented bed

CO +N,
Industrial Squrce Heat
(Postcombustion)
(steam)
Phase I Bilayer Structure Phase 2 Segmented Bed Structure

05/01/2019 -07/31/2021 08/01/2021 & 12/30/2022

MOF (CALF-20 ) Amine-doped Silica (S4+)

Oxidation Resistant Sorbent ~ Steam Resistant Sorbent
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Applicat.i

Svanteds Sorbents
Organic Framework)

V High volumetric & gravimetric
capacity [All];

V 100% water & steam stability to
perform direct heating/cooling [All];

V higher resistance to Q (up to 200°C)
and contaminants SOxand NOX)
[MOF];

C Higher capacity at flue gas lower GO
concentration [Amines];

C Higher CQIN, selectivity [Amines].
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Svante
Phase 1/ Bilayer Project (05/01/2019 -07/31/2021)

Phase 1 / Bilayer Project Achievements

U Select, synthesize, and characterize tailored solid adsorbents for building Advanced structures
development

U Scale up attonnesscale of an amine basewater and steam stable adsorbenand confirmed infield
stability at FOAK 400 series

U Scale up attonnesscale of an ultrastable MOF material (BASF)
U Confirming the synergy between two sorbents, decreasing the demand on regen energy (steam) by ~36

Phase 1/ Bilayer Project Challenges
U Bed assembly to combine the three layers is a challenge and could significantly increase bed cost
U Adding much higher complexity to the Rotary Adsorption Machine and balance of plant

U It was not possible to achieve the target productivity (16 TPD/m?®) with the available materials and
design

U Technoeconomic advantage of the blayered structure is still a challenge [higher complexity].
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Confirming Stability of Amines based - Svante

OnStream Factor

SOrbent (FlEId TEStlng) PPCU in Lloydminster, SK (Cenovusg4+ Test
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Scaleup of CALR20 MOF

Metal Organic Framework (MOF)

CALF-20 - Zinc 1,2,4-Triazolate Oxalate

ceoer
ToOoZM

- Structure from Rietveld — crystals have never grown
- 3-D channels comprising 38% of the volume, ~500 m?/gm surface area.
- pores (vdW radii) of 2.73 x 2.91, 1.94 x 3.11, 2.74 x 3.04 A ([100], [011], [0-11]

Taylor, Vaidhyanathan, Lin, Mah, Dawson, Iremonger, Deakin, Shimizu
Patent awarded and licensed for post-combustion and air capture. °

Svante

At 1.00 atm pressure, the main CO, binding site is
between the oxalate groups.

This MOF has very special properties:

-High volumetric and gravimetric CO2 capacity
-Stable to water (liquid, steam)

-Stable to 02 up to 140C

-Easily scalable (low cost)

-Processeable in a laminate

More than 7 tonnes of MOF manufactured so far at BASF
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Svante
Phase 2 / Segmented Bed New Advances Structure Adsorbent Idea

U Design a serial bed design using a mulsorbent capable of achieving higher productivity
and compatible with current RAM desigiBoPand bed assembly at a larger scale

U Take advantage of the Rapid CyclingeloxoThermTechnology with norequilibrium
conditions (RH, temperature) throughout the bed

U Use the appropriate sorbent at the right position

A Amines=> High capacity @ high RHbwer oxidation resistance
at low RH and low CO

A MOF=> High Q stability, Low Capacity @ high RH

MOF (CALF-20 ) Amine-doped Silica (S4+)

Oxidation Resistant Sorbent  Steam Resistant Sorbent

e
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Svante
Some Experimental Observation of Nduniformed Degradation

S-Series Sorbent after PDU testing

Top of the bed:
U Low average RH (detrimental for Amidmased sorbent)

Ciohlv Oxidized R \ (i Decrease bed lifetime
ighly Lxidize glon U The best chemical environment for CALIO to perform
/ (high temp, low RH)
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